The exchange speed (CHU) for sensible heat flux is one of the most important parameters for estimating sensible and latent heat fluxes by the bulk transfer method. CHU is also important for estimating soil temperature by using the heat balance model combined with the bulk transfer method. CHU is usually treated as a function of wind speed; however, if wind speed data is not available, it is not easy to estimate an accurate and representative value using measured wind speed from another location due to the effect of the surrounding environment. In this study, we investigated the accuracy of estimating the sensible heat flux over a bare soil surface and its daily mean soil temperature by the bulk transfer method using daily mean meteorological data without wind speed. This means that CHU is treated as a constant value. We also investigated a method of parameterization of CHU on a bare soil without observed flux data. The estimation of the daily mean sensible heat flux without wind speed data has a large root mean square error (RMSE). RMSE without wind speed was 18.3 W m-2, whereas that with wind speed was 10.5 W m-2. However, the accuracy of the estimation of cumulative monthly sensible heat flux without wind speed data was almost equal to that with wind speed data. The two values of RMSE of monthly estimations with and without wind speed data were about 5 W m-2. The estimated cumulative sensible heat flux without using wind speed data, over a period of more than several days, agreed with observed sensible heat flux values. With theoretical analysis and the parameterization of CHU on a bare soil without using observed flux data, the results indicate that cumulative sensible heat flux can be estimated from routine meteorological data without wind speed. The daily mean soil temperature was estimated by the method of Hirota et al. (1995) with and without wind speed data. The accuracy of the estimation of the daily mean soil temperature without wind speed data was almost equal to that with wind speed data. The result indicates that even if wind speed data is not used, the model provides a good estimation of the daily mean soil temperature.
I. INTRODUCTION
speed, which is also dependent on the aerodynamic properties of the surface, the scale of fetch and the atmospheric stability (eg., Brutsaert, 1982; Kondo,1994) ; therefore it must be determined at each surface station.
With regard to the exchange speed (CHU) on a bare soil, we obtained almost the same parameterization results between CHU calculated from 30-minute averaged values and CHU calculated from daily mean values (Hirota and Fukumoto, 1996) . In addition, we showed that if the soil surface is sufficiently wet, CHU can be estimated by using daily mean values obtained from routine meteorological data without using the observed sensible heat flux.
To evaluate CHU accurately, wind speed U is also important. However, if wind speed data are not available, it is not easy to estimate an accurate and representative value using measured wind speed from another location due to the effect of the surrounding environment. Therefore, it remains a problem to evaluate the sensible heat flux and soil temperature in practice.
On the other hand, Morton (1983) Table 1 List of data analyzed in the present study, obtained from Fukumoto and Hirota (1994) , Fukumoto (1999) .
(1)- (8) were sampled at 1-minute intervals and 30-minutes averaged were recorded. (9) was sampled once a day. Fig.1 Temporal variations of daily mean sensible heat flux and daily mean wind speed at a height of 0.5m (The data obtained from Fukumoto and Hirota,1994 or Fukumoto,1999) daily mean sensible heat flux ranged from -3.8 W m-2 to 115.5 W m-2 and the daily mean wind speed, at 0.5 m height, ranged from 1.2m s-1 to 5.lm s-1.
IV. METHOD
Estimation of the sensible heat flux
The daily mean sensible heat flux was estimated by the bulk transfer method, Eq.(1), using daily mean meteorological data. The exchange speed CHU was derived for the following three cases by the method of Hirota and Fukumoto (1996) . CASE 1 Parameterization of CHU using observed sensible heat flux CHU was calculated using the observed daily mean sensible heat flux as follows:
CHU was parameterized using daily mean wind speed U at 0.5m height, yielding, CHU=0.00352U+0.00067 (m s-1)
observed daily sensible heat flux
If the soil surface is sufficiently wet after plenty of precipitation, the surface moisture availability fi (see Appendix) can be assumed to be 1. In addition soil heat flux is assumed to be negligible for daily periods. For these conditions, CHU can be calculated without using the observed sensible heat flux as follows:
where RS is the solar radiation (W m-2) , Ld is the atmospheric long wave radiation (W m-2), a is the albedo of soil surface, E is the emissivity of the ground, 6 is the Stefan-Boltzmann constant (W m-2 K-4), l is the heat of vaporization (J kg-1), qa is the specific humidity of the air (kg kg-1), and qsat(T (0, t)) is the saturation value of the specific humidity at the ground surface temperature (kg kg-1). CHU was parameterized using daily mean wind speed U at 0.5 m in the following equation. CHU =0.00229U+0.00456 (m s-1) (11) CASE 3 Parameterization CHU without using wind speed data
We treated CHU as a constant and used the average value of CASE 2 in Eq. (10). CHU =0.01 (m s-1)
After we estimated the daily mean sensible heat flux, we calculated the average value for a 3-day period, 5-day period, 10-day period, 20-day period and 30-day period from these daily mean values.
We then calculated the root mean square error (RMSE) of the estimated sensible heat flux by the bulk transfer method for each averaging days pe- shows the cumulative sensible heat flux estimated by the model without using wind speed data (CASE 3). This estimated result also agreed with the observed value, as it had in Fig. 3 .
VI. CONCLUSION
Using theoretical and data analysis, we investigated the accuracy of estimating sensible heat flux and daily mean soil temperature for a bare soil using daily mean meteorological data without using wind speed data.
For the estimation of the cumulative sensible heat flux over several days or several tens of days, we showed that the exchange speed CHU can be parameterized without using flux observations and can be treated as a constant value. The monthly mean sensible heat flux estimated without using wind speed is almost equal to that estimated using the wind speed data.
In conclusion, our research shows that the cumulative sensible heat flux over bare soil for long-term periods can be estimate using only routine meteorological data without wind speed. The daily mean soil temperature was also estimated well by the method of Hirota et al. (1995) without using wind speed data. It is considered that this approach is effective for the estimation of heat flux over long periods or for the estimation of daily mean soil temperature of bare soil by using routine meteorological data.
Recently, it has been recognized that long-term evaluations, such as seasonal or inter annual variations of the heat flux at the earth's surface are important in order to understand the climatic system (Yasunari and Koike, 1993; Betts et al. 1996 Deardorff, 1978; Lin,1980; Dickinson, 1988 
